Mycobacteria were cultured from 9% of 424 paired mouthwash-induced sputum specimens. The Mycobacterial culture media. LowensteinJensen slants (Difco Lowenstein medium 1017) and direct cord reading agar (DCRA) plates were used. The DCRA plates were prepared by the method of Lorian (5) and consisted of 7H10 agar (Difco Middlebrook agar 0624) to which were added 0.5% Triton (Ruger Chemical Co., Irvington on Hudson, N.Y.) and oleic acid-albumin-dextrose-catalase enrichment (Difco Middlebrook OADC enrichment 0722).
For at least 5 years cultures of clinical materials in the mycobacteriology laboratory of the Hospital of the University of Pennsylvania have yielded mycobacteria other than Mycobacterium tuberculosis in the ratio of 3:2 over M. tuberculosis. This study of mouthwash specimens was undertaken to determine if the oral cavity contributes these large numbers of clinically insignificant non-M. tuberculosis mycobacteria to sputum during sputum collection. Patients referred to the Induced Sputum Laboratory provided paired mouthwashsputum specimens. Since this group of patients contained individuals from the Outpatient Clinic, it afforded an opportunity to determine if the non-M. tuberculosis organisms were present in the oral flora of the general population or if they were more prevalent in hospital patients.
MATERIALS AND METHODS
Mouthwash solution. Todd-Hewitt Broth (Difco), 20 ml sterilized in 50-ml screw-capped vials, was used as the mouth rinse to recover mycobacteria.
Sputum induction. A warmed aqueous solution consisting of 10% NaCl and 15% propylene glycol, nebulized by Mistogen Equipment Co. apparatus, was conducted into the patient's mouth by tubing, terminating in a disposable mouthpiece.
Specimen collection. Each specimen was collected in a sterile sputum collection kit (Falcon 9002) which minimized the chances of contamination during handling.
Mycobacterial culture media. LowensteinJensen slants (Difco Lowenstein medium 1017) and direct cord reading agar (DCRA) plates were used. The DCRA plates were prepared by the method of Lorian (5) Specimen processing. Each pair of mouthwashsputum specimens was labeled with the patient's name and other pertinent information, sent to the laboratory by messenger, and processed by the following method which was standard for all mycobacteriological specimens.
This method was a modification of the Lorian technique (5). Vortex mixing was used to achieve visible liquefaction followed by an additional 30 sec of mixing. Decontamination took place during the ensuing 25 min at room temperature. Sterile water added to the 50-ml mark on the tube neutralized the decontaminant before centrifugation at 3,700 rev/min for 30 min. After the supernatant fluid was decanted, the sediment was mixed briefly, and a smear was prepared, heat-fixed on an electric warmer at 65 C for 2 hr, stained by the ZiehlNeelsen technique, and examined microscopically according to standards recommended by Vestal (7) , Center for Disease Control.
To the remaining sediment was added 1 ml of sterile 0.5% bovine albumin (Difco 0503) as a buffer. After brief mixing, samples of 0.1 ml were used to inoculate two Lowenstein-Jensen slants and a DCRA plate. The plates were inoculated by placing 10 drops directly on the agar surface at equidistant points and allowing 2 to 3 hr for liquid absorption before plate inversion. All cultures were incubated at 36 C with 5% added CO2. Slants, their caps loose during the first week, were examined weekly for 6 weeks at x2 magnification. Plates, incubated in polyethylene bags, were examined for the appearance of corded (pathogenic) microcolonies at 12 and 21 days by using x50 magnification. Any bacterial growth was stained, and that containing acid-fast bacilli was subjected to standard tests for species identification as recommended by Vestal (7) . All From each of the two samples of tap water collected from a faucet at a nursys' station, but not from the sample of water collected from a faucet in a patient's room, M. intracellulare was isolated.
The rinsings from the fingers of 1 of 52 patients yielded M. intracellulare.
DISCUSSION
Failure to isolate mycobacteria from the control specimens indicates the mycobacteria were not introduced with the media and reagents or during the processing of the specimens, but came from the materials supplied by the patients.
Since most of the non-M. tuberculosis mycobacteria were rarely found in paired specimens, but often were found about equally distributed in mouthwashes and sputa, it is suggested that their presence is random and their acquisition may be by ingestion. The widespread finding of many of these organisms in soil, water (1, 4, 7) , and pasteurized milk (2) supports a hypothesis that man acquires them by ingestion. From a survey of such mycobacteria in a New England hospital, Warring (8) concluded that the oropharynx constituted the major source of the microorganisms during passage through the mouth. However, the possibility should not be ignored that, following inhalation and ciliary transport from bronchi to the larynx, the organisms could be recovered from the mouth.
Two species of mycobacteria demonstrated a different pattern of residence in the host in that they were isolated more frequently from sputa. Inhalation would appear to be a more likely route of infection of the host. The greater incidence of M. kansasii in sputa, as compared to mouthwashes, is not accounted for by its being primarily a pulmonary pathogen, for M. tuberculosis was recovered at least as often in mouthwashes as in sputa. In the case of a PPD-S anergic patient, not included in this study, one mouthwash specimen was the only specimen from this patient from which M. tuberculosis was ever isolated in spite of several cultures of sputum specimens having been made. M. kansasii has been cited (4) for unusual distribution according to the age of the individual. The other organism which was more frequently isolated from sputa than from mouthwashes was M. intracellulare, and, in spite of its prevalence, it was never isolated from both members of paired specimens. Its prevalence may be explained in part by the fact that it was the only mycobacterium to be isolated from tap water and from the fingers of patients during these studies.
A possible bearing upon the isolation of M. intracellulare, the most frequent of any Mycobacteria from the 165 patients in this study, was the observation that aides in at least three hospital locations handled the interiors of water and food containers being prepared for patients. This would support the hypothesis that ingestion was the route of transmission in some cases. As approximately one-third of the patients were outpatients, and others may have had specimens collected shortly after admission, it is reasonable to assume that many may have acquired their mycobacteria outside of the hospital. Warring (8) found that for the mycobacteria other than M. tuberculosis, the outpatients provided slightly more than the inpatients.
The random distribution of M. intracellulare between mouthwashes and sputa among the group of patients also suggests inhalation as a possible route of transmission. Following inhalation and ciliary transport from the bronchi towards the mouth, the organisms could then be recovered from the mouth. Environmental studies might assist in locating the sources of water-borne or airborne mycobacteria in the home or hospital for such devices as scrubbers and sprayers using water possibly containing the organisms in question produce aerosols. A 20-month survey of the cultures of clinical specimens showed that all mycobacterial species were fairly randomly distributed as to time and space. Such endemic occurrence simulates the data of Picken (9) which indicates a pattern characteristic of aerial infection in urban communities.
Random infection and recovery could be explained by normal body defense mechanisms keeping ordinary saprophytic or commensal organisms under control. However, Dubos (3) has pointed out that in some patients biochemical changes due to debilitating disease or therapy may so alter the immune response as to favor bacterial growth.
